In this study, we develop a novel matrix collocation method based on the Laguerre polynomials to find the approximate solutions of some parabolic delay differential equations with integral terms subject to appropriate initial and boundary conditions. The method reduces the solution of the mentioned equations to the solution of a matrix equation which corresponds to system of algebraic equations with unknown Laguerre coefficients. Besides, the error analysis together with numerical results are performed to illustrate the efficiency of our method computationally.
Introduction
Delay partial and partial integro-differential equations play an important role in many scientific areas such as biology, physics, and engineering [1] [2] [3] [4] [5] [6] [7] . Furthermore, the approximation methods of these type of problems have been developed by many authors [8] [9] [10] [11] [12] . Particularly, we represent a novel approximation to solve a class of delay partial functional differential equations with integral terms in the form u t (x, t) = u xx (x, t) + g(x, t) + a(x, t)u(x, αt)
under the initial and boundary conditions u(x, 0) = f (x), u t (x, 0) = m(x), u(0, t) = h(t), u(l, t) = n(t), 0 ≤ x ≤ l, 0 ≤ t ≤ T.
(2) The functions g, a, f , m, h, and n are continuous functions; α is the arbitrary constant; and K is the kernel function of the integral part of (1) on R 2 . We assume the approximate solution of the problem (1)-(2) in the truncated Laguerre series form
where L n (x) denotes the Laguerre polynomials
and a n,p , (n, p = 0, 1, . . . , N ) are unknown Laguerre polynomial coefficients, and N is chosen as any positive integer such that L 0 (x) = 1, L 1 (x) = 1 − x, N ≥ 2. * corresponding author; e-mail: burcu.gurbuz@cbu.edu.tr
Fundamental relations and Laguerre collocation method
In this section, we present an approximate solution in terms of the Laguerre polynomials in the form (3). First we can write (3) in the matrix form
where i = 0, 1, . . . , N , then, we use the matrix relation
Moreover, the matrices X(x),X(t) and their derivatives X (x), X (x) andX (t),X (t) can be related as
Then, we organize the matrix relations of derivative forms of u(x, t) with (5), (6) and (8) [
On the other hand, the function K(x, t, s) can be expressed by the truncated Taylor series
and the matrix forms of u(x, s) and
By using (10), the matrix form of integral part is obtained as follows:
By substituting the relations (9) and (11) into Eq. (1), we have the matrix form of (1):
Similarly, we organize the matrix forms for the initial and boundary conditions (2) by using (9):
(13) By putting the collocation points
into Eq. (12), then we have the fundamental matrix equation as
If we follow the same procedure for the initial and boundary conditions (13), we have 
where E N (x p , t q ) ≤ 10 −k αβ = 10 −k (k is positive integer) and the truncation limit N is increased until difference E N (x p , t q ) at each of the points becomes smaller than the prescribed 10 −k . On the other hand, we can use different error norms
where e i = u(x i , τ ) −û(x i , τ ); also u andû are the exact and approximate solutions of the problem, respectively, and τ is an arbitrary time t in [0, T ] [13, 14].
Numerical experiments
In this section, we consider some illustrative examples to show the accuracy and efficiency of the presented method. All results have been obtained by Maple 18 and Matlab R2014b.
Example 5.1. We consider the parabolic partial integro-differential equation [15] :
4 −x 6 ) sin(x+t) and the exact solution of the problem is u(x, t) = (1 − x 6 ) sin(x + t). We suppose that u(x, t) is approximated by a truncated Laguerre series in the form u(x, t) ∼ = N n=0 N p=0 a n,p L n,p (x, t), 0 ≤ xt ≤ 1. By using the procedure in Sect. 2, the fundamental matrix relations for the equation and conditions are computed and then the Laguerre coefficients are found. Thhe comparison of exact and approximate solution for N = 50 can be seen in Fig. 1 . ∂u(x, t) ∂t = ∂ 2 u(x, t) ∂x 2 + 2 e −t − e t 2 u(x, t/2)
2 ) e −t . Tables I-II show the comparison of absolute, L 2 , L ∞ and RMS errors for N = 40 for Example 5.1 and Example 5.2, respectively.
Conclusion
In this study, the approximate solutions of a class of parabolic type delay partial differential equations with some integral terms under the initial and boundary conditions have been presented. The technique we used is a new developed Laguerre collocation method and it can be applied to problems connected with hyperbolic and elliptic type delay partial differential equations with integral terms. Also, the method can be extended to nonlinear delay problems; but some modifications are required. Hence, it would be very interesting to do research in this direction.
